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Abstract

This study evaluated the effects of comprehensive functional nursing on functional recovery and quality of life in patients ®
spinal cord injuries (SCls). A total of 214 patients with SCls treated in our hospital from October 2019 to October 2021 were
included in the retrospective analysis and divided into a general care group (n = 107) and a comprehensive care group (n = 107),
based on the care that they received. Patients in the general care group received general functional nursing, whereas those in the
comprehensive care group received a comprehensive functional nursing intervention. The Rivermead Mobility Index (RMI), Barthel
Index (BI), and Berg Balance Score (BBS) were used to evaluate patient neurobehavioral ability before and after nursing. Changes
in cardiopulmonary function indexes, left ventricular end-diastolic dimension (LVEDD), left ventricular end-systolic dimension
(LVESD), vital capacity (VC), forced expiratory volume in 1 second (FEV1), FEV1/FVC, and maximal voluntary ventilation (MVV)
were measured before and after nursing. The number of micturition, maximum micturition volume, bladder volume, residual urine
volume, and lower urinary tract symptom (LUTS) score were recorded, and the improvement in bladder function were measured
before and after nursing. The Hamilton Anxiety Scale (HAMA) and Beck Depression Inventory (BDI) scores were used to evaluate
patients’ emotional state. After nursing, the RMI, Bl, BBS score, FEV1, FEV1/FVC, MVV, maximum micturition volume, bladder
volume, and SF-36 scores of the comprehensive care group were significantly higher than those of the general care group, and
the LVEDD, LVESD, micturition time, residual urine volume, and LUTS, HAMA, and BDI scores of the comprehensive care group
were significantly lower than those of the general care group. In patients with SCls, comprehensive functional nursing can promote
the recovery of neurocognition, bladder function, and cardiorespiratory function, and improve their quality of life. Comprehensive
functional nursing is worthy of clinical application.

Abbreviations: BBS = Berg balance score, BDI = beck depression inventory, Bl = Barthel Index, FEV1 = forced expiratory
volume in 1 second, HAMA = Hamilton Anxiety, LUTS = lower urinary tract symptoms, LVEDD = left ventricular end-diastolic
dimension, LVESD = left ventricular end-systolic dimension, MVV = maximal voluntary ventilation, RMI = Rivermead Mobility Index,
SCI = spinal cord injury, VC = vital capacity.

Keywords: bladder function, cardiopulmonary function, comprehensive strengthening function intervention, intestinal function,
spinal cord injury

In patients with SCIs, the main injury locations include the
thoracic, lumbosacral, and cervical regions.[! Corresponding
strengthening function interventions are needed for injuries at
different locations. In recent years, studies have confirmed that
rehabilitation training interventions can effectively reduce sec-

1. Introduction

Spinal cord injury (SCI) is a serious, disabling trauma caused
by car accidents, falls, and sports injuries. It mainly manifests
as an impairment of normal functions, such as sensation, move-
ment, reflexes, and autonomic nerve function.* Multiple clin-

ical and animal experiments have established that in patients
with incomplete SCls, surgery, traditional Chinese medicine,
acupuncture, and gene therapy can promote limited functional
recovery, but more effective interventions are needed.>-!
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ondary injury, restore spinal cord function, reduce the incidence
of complications, and restore normal spinal cord function to
the greatest extent.’-!!! Patients with thoracic and lumbosacral
injuries rely only on their arms for relevant physical activities.
The overall aerobic exercise ability of patients decreases, and
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their muscle and physical activity are relatively low, which
leads to the loss of respiratory muscles and limits their autono-
mous activity ability."!l Cardiopulmonary fitness assessment in
patients with thoracolumbar SCIs and corresponding cardiopul-
monary function training can effectively improve prognosis.?!
SCIs may lead to interruption of bladder innervation and loss
of physiological function. Patients with bladder dysfunction
are prone to complications, such as urinary retention, vesico-
ureteral reflux, and urinary tract infection, which can lead to
renal failure and death in severe cases.!'>!*] Recovery of bladder
function in patients with SCIs plays an important role in reduc-
ing complications and mortality. SCIs slow intestinal peristalsis,
lead to loss of automatic control of anal sphincter, and ability to
voluntarily increase intra-abdominal pressure, resulting in neu-
rogenic intestinal dysfunction, leading to constipation, abdom-
inal distension, and other symptoms.!'>'*) Approximately half
of patients with SCIs have mild to severe intestinal dysfunction,
and most of them occur in the early stage.l'” In the acute stage
of SCI, patients can experience abdominal fullness and paralytic
intestinal obstruction due to gastrointestinal peristalsis, which
affects the movement of the diaphragm and causes respiratory
distress in patients with quadriplegia. After this period, the spi-
nal cord reflex recovers and there is passage of gas, but it is still
difficult to defecate autonomously. If defecation difficulties per-
sist, it affects digestion, absorption, and nutrition.!"! Therefore,
strengthening intestinal function in patients with SClIs is import-
ant for their prognosis. Because patients with SCIs lose motor
function and experience urinary incontinence, and it is difficult
to recover their lives. The vast majority of patients cannot take
care of themselves and need to be taken care of by others.!"”!
Due to long-term bed rest, a variety of complications can coex-
ist, causing great pain and psychological obstacles for patients.
Therefore, it is necessary to pay attention to the psychological
state of patients to comprehensively strengthen their function.

Based on previous studies, we proposed 2 hypotheses: com-
prehensive functional nursing might promote the recovery of
neurocognition, bladder function, and cardiorespiratory func-
tion in patients with SCIs and comprehensive functional nursing
may improve quality of life in patients with SCIs. We conducted
this study to explore the effect of comprehensive functional
nursing on patients with SCIs.

2. Materials and methods

2.1. Study design and participants

This study was a retrospective study. It was approved by the
Ethics Committee of the First Affiliated Hospital of Anhui
Medical University (Ref. no. 2157/2021), and conformed to the
Declaration of Helsinki. All patients with SCIs admitted to our
hospital from October 2019 to October 2021 were selected for
this study. The patients were divided into a general care group (n
= 107) and a comprehensive care group (n = 107) based on the
different care. Patients in the general care group received gen-
eral functional nursing, whereas the comprehensive care group
received a comprehensive functional nursing intervention.

2.2. Inclusion and exclusion criteria

Inclusion criteria: Patients were eligible for inclusion if they met
the diagnostic criteria for SCI, the spinal cord shock period had
ended, and their condition was stable. The patients and their
families were required to be willing to participate and provide
voluntarily written informed consent, and to be able to com-
plete the 5-month follow-up. Exclusion criteria: Patients with
severe liver or kidney dysfunction, coagulation disorders, cog-
nitive impairment, intestinal or bladder dysfunction unrelated
to the SCI, and those unwilling to participate were excluded.
Patients lost during follow-up were also excluded.
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2.3. Sample size

This was a retrospective study and the sample size was not
based on statistical power calculations. All patients who met the
inclusion criteria were included in the study.

2.4. Nursing methods

2.4.1. Rehabilitation training nursing. The patients in the
general care group received general rehabilitation training
nursing. General rehabilitation training primarily includes
limb joint activity maintenance, muscle strength enhancement,
sensory stimulation, and sitting and standing balance. Patients
were provided with strength training of the undamaged arm
muscles; strength and coordination training of the connection
between the lower back muscles and abdominal muscles; and
the legs were mainly used to enhance motor control. Sensory
stimulation included tactile stimulation with a soft bristle
brush; temperature stimulation with brief local ice application;
and proprioceptive stimulation with traction, tapping, or
compression.

The patients in the comprehensive care group received
intensive rehabilitation training nursing based on general
rehabilitation training; early strength rehabilitation training
at the bedside, which consisted mainly of active and passive
movement of each joint of the affected limb, focusing on the
shoulder, elbow, wrist, metacarpal, hip, and knee joints. The
training was conducted twice a day for 30 minutes at a time.
Sitting and standing balance training started using an inclined
bed, and gradually progressed to sitting and standing balance,
and finally, transitioned to walking practice. Daily life training
mainly included eating, going to the toilet, putting on and tak-
ing off clothes.

2.4.2. Cardiopulmonary function training. Patients with
thoracic and lumbosacral injuries have cardiopulmonary
dysfunction. Patients in the general care group received posture
nursing, second stool management, joint activity training,
muscle strength training, exercise transfer ability training, life
activity ability training, and health education.

Patients in the comprehensive care group received cardiopul-
monary function training based on general training. Patients in
the comprehensive care group used the arm muscles for aerobic
exercise training and a pulmonary function test system for the
cardiopulmonary function exercise test. Based on the results
of the cardiopulmonary function exercise test, 40% to 60% of
the VO, was selected as the aerobic exercise intensity. The
nurse assisted the patient with using a wheelchair, putting on a
mask, connecting the exhalation tube, electrocardiogram, cuff
blood pressure, and infrared blood oxygen saturation monitor,
and used the symptom self-limiting exercise scheme to exercise
to the maximum tolerance of the patient. The patients rested
for 2 minutes, 30 minutes once a day, 5 days a week, before
exercise. During exercise, the patient exhaled through a breath
collection tube connected to an analyzer, oxygen uptake was
measured through breath-by-breath mode, and the patient
electrocardiogram and transcutaneous oxygen saturation were
monitored in real time. Blood pressure was measured every
2 to 3 minutes to ensure patient safety. The exercise labora-
tory was equipped with an oxygen inhalation device, electric
defibrillator, and first-aid drugs to prevent accidents. Based on
the patient symptom self-limit, the exercise could not be main-
tained at more than 80 times/min with maximum effort. At
this time, VO, , peak energy metabolic equivalent, and other
indicators were measured to determine whether the patient
had reached their maximum exercise load. The exercise was
terminated if the patient felt extremely tired and asked to stop
the test; VO, plateaued or began to decline; or if they experi-
enced adverse cardiovascular events such as chest pain during
exercise.
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2.4.3. Bladder function training. Patients with bladder
dysfunction were treated for bladder dysfunction. Patients in
the general care group were treated with bladder drainage.
Patients in the comprehensive care group received intensive
interventions for bladder function which included respiratory
muscle training, abdominal muscle training, sitting and standing
training, bladder training, intermittent clean catheterization,
and application of pelvic floor muscle stimulation instruments.

2.4..4. Cognitive behavioral intervention. The patients in the
general care group were treated with hormone dehydration and
nerve nutrition. In addition to conventional treatment methods,
patients in the comprehensive care group were given cognitive
behavioral therapy. First, the doctor asked the patient to explain
their thoughts and understanding of their SCI, and then, under
the guidance and direction of the doctor, patients were informed
of their physical condition and prognosis. The doctor corrected
misconceptions and unrealistic expectations and encouraged
patients to rebuild a healthy, effective, and functional attitude,
and improve their psychology and behavior. The patients were
trained in psychological methods of regulating physical and
mental comfort and accepting active treatment.

2.5. Outcome indicators

2.5.1. Neurobehavioral assessment. The Rivermead Mobility
Index (RMI), Barthel Index (BI), and Berg Balance Score (BBS)
were used to evaluate neurobehavioral ability.?22l RMI is an
intuitive evaluation of a patient motor function. The evaluation
is divided into 15 items. According to the scoring standard,
options that met the condition were assigned 1 point, and those
that could not be completed were recorded as 0 points. The
maximum possible score was 15. The BI was used to evaluate
the living ability of the patients, with a maximum possible score
of 100. The trunk balance function of the patients was evaluated
according to the BBS scoring standard; The BBS consists of a
total of 14 items, with a maximum possible score of 56. The
lower the score, the more serious the balance dysfunction, and a
score <40 points suggested a risk of falling.

2.5.2. Detection of cardiopulmonary function
indexes. Doppler echocardiography was used to guide the
patients to lie still in the left position, control their respiratory
rate, and stabilize it. The left ventricular end-diastolic dimension
(LVEDD) and left ventricular end-systolic dimension (LVESD)
were compared before and after the intervention. The lung
function of the patients was measured using the MasterScope
lung function detection system and analysis software
(eResearchTechnology GmbH, Estenfeld, Germany), including
vital capacity (VC), forced expiratory volume in 1 second
(FEV1), FEV1/FVC, and maximum voluntary ventilation
(MVV). The pulmonary function levels before and after the
intervention were compared.

2.5.3. Bladder function evaluation. From 7 days before
treatment to 7 days after treatment, the daily micturition times,
maximum micturition volume, bladder volume, residual urine
volume, quality of life score affected by micturition symptoms,
and international lower urinary tract symptoms (LUTS) were
recorded to evaluate the therapeutic effect.?’!

2.5.4. Cognitive assessment. The Hamilton Anxiety Scale
(HAMA) and Beck Depression Inventory (BDI) were used to
evaluate the patients’ emotional state,?**! and the SF-36 score
was used to evaluate their quality of life. The HAMA cutoff
value was 14 points, with more than 21 points indicating
obvious anxiety and more than 29 points indicating serious
anxiety. The cutoff value of the BDI was 17 points; with 17
to 20 points indicating borderline depression, and more than
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20 points indicating severe depression. The SF-36 score includes
items on overall health, physical pain, physiological function,
social function, vitality, and mental health.

2.6. Data collection and statistical analysis

Relevant clinical data were collected from the hospital elec-
tronic medical record system. All data were analyzed using SPSS
version 26.0 (IBM Corp., Armonk, NY). Continuous data were
described using the mean = standard deviation and the groups
were compared using ¢ tests. Categorical data were described
using frequencies and proportions, and the groups were com-
pared using chi-square tests. P values < .05 was considered sta-
tistically significant.

3. Results

3.1. Comparison of clinical data of patients

This study included 132 male and 82 female patients, with a
mean age of 44.4+9.9 years. The general care group comprised
64 male patients and 43 female patients, aged from 21 to 74
years, with a mean age of 43.8+8.9 years, of whom 76 had
an incomplete injury and 31 had a complete injury. The SCI
location included 58 cases of thoracic injury, 31 cases of lumbo-
sacral injury, and 18 cases of cervical injury. The comprehensive
care group comprised 68 male patients and 39 female patients,
aged from 23 to 75 years, with a mean age of 45.1+9.6 years,
of whom 73 had an incomplete injury and 34 had a complete
injury. The SCI location included 52 cases of thoracic injury,
28 cases of lumbosacral injury, and 27 cases of cervical injury.
There were no significant differences between the 2 groups.

3.2. Neurobehavioral assessment

Before the intervention, there were no significant differences in
RMI, BI, and BBS scores between the comprehensive care and
general care groups. After the intervention, the RMI (Fig. 1A),
BI (Fig. 1B), and BBS scores (Fig. 1C) were significantly higher
in the comprehensive care group than in the general care group.

3.3. Detection of cardiopulmonary function indexes

We recorded the LVEDD (Fig. 2A), LVESD (Fig. 2B), VC
(Fig. 2C), FEV1 (Fig. 2D), FEV1/FVC ratio (Fig. 2E), and MVV
(Fig. 2F) indexes of the 2 groups before and after the interven-
tion to evaluate changes in cardiopulmonary function. Before
the intervention, there were no significant differences in the
various indexes of cardiopulmonary function between the com-
prehensive and general care groups. After the intervention, the
indexes of LVEDD (Fig. 2A) and LVESD (Fig. 2B) in the com-
prehensive care group were significantly lower than those in the
general care group, and the indexes of FEV1, FEV1/FVC, and
MVYV in the comprehensive care group were significantly higher
than those in the general care group.

3.4. Bladder function evaluation

In order to explore the recovery of bladder function in the 2
groups, we compared micturition times (Fig. 3A), maximum
micturition volume (Fig. 3B), bladder volume (Fig. 3C), residual
urine volume (Fig. 3D), and LUTS scores (Fig. 4) between the
2 groups. Before the intervention, there were no significant dif-
ferences in urination time, maximum urination volume, bladder
volume, residual urine volume, and LUTS score between the gen-
eral and comprehensive care groups. After the intervention, the
number of micturition, residual urine volume, and LUTS scores
in the comprehensive care group were significantly lower than
those in the general care group, and the maximum micturition
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Figure 1. Comparison of neurobehavioral between the comprehensive care and general care groups. (A) Rivermead Mobility Index (RMI); (B) Barthel Index (Bl);

and (C) Berg Balance Score (BBS). *P < .05.
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Figure 3. Comparison of bladder function between the comprehensive care and general care groups. (A) Micturition times; (B) maximum micturition volume;

(C) bladder volume; and (D) residual urine volume. *P < .05.
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Figure 4. Comparison of lower urinary tract symptom (LUTS) score between
the comprehensive care and general care groups. *P < .05.

and bladder volumes were significantly higher than those in the
general care group.

3.5. Assessment of patients’ emotional state and quality of
life
Patients’ emotional status was assessed using the HAMA

(Fig. 5A) and BDI scores (Fig. 5B), and their quality of life was
assessed using the SF-36 score (Fig. 6). The HAMA and BDI

scores of patients in the comprehensive care group were signifi-
cantly lower than those of patients in the general care group,
whereas the SF-36 scale was significantly higher than those in
the general care group.

4. Discussion

SCI refers to damage to the structure and function of the spinal
cord caused by trauma or disease, resulting in spinal cord nerve
dysfunction. After SCI, patients develop paraplegia, quadriple-
gia, and other symptoms that mostly cause motor dysfunction,
loss of their ability to work, and reduced quality of life.l26:2"!
Only the restoration of limb function and reconstruction can
improve patients’ quality of life, but the etiology of SCI is com-
plex, with a high morbidity, and is often complicated buy other
diseases.?®! The results of this study showed that patients who
received a comprehensive intensive functional intervention had
a significantly greater improvement than those who received a
general functional intervention.

The RMI, BI, BBS score, FEV1, FEV1/FVC, MVV, maxi-
mum micturition volume, bladder volume, and SF-36 scores
of the comprehensive care group were significantly higher
than those of the general care group, and the LVEDD, LVESD,
micturition times, residual urine volume, LUTS, HAMA, and
BDI scores of the comprehensive care group were significantly
lower than those of the general care group. After system-
atic rehabilitation training and nursing, the motor function
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Figure 6. Comparison of SF-36 score between the comprehensive care and general care groups. *P < .05.

and quality of life of patients with SCIs can significantly
improve.l?”! Rehabilitation training should be carried out as
soon as possible after surgical treatment of SCI, and the inter-
vention mode of rehabilitation training should be determined
according to the location and degree of injury. The time,
intensity, and content of rehabilitation training should be
gradually increased according to the patient condition.3%3!
Rehabilitation training intervention plays an important role
in the functional recovery of patients with SCIs. In the early
stages of an SCI, the limbs show flaccid paralysis owing to
spinal cord shock. It is necessary to maintain a good func-
tional position of the paralyzed limbs, perform passive joint
activity training every day, and change the body position
regularly to prevent joint contracture, pressure ulcers, and
osteoporosis to lay a foundation for the next phase of the
rehabilitation training.233 Patients with SCI can experi-
ence a variety of complications, which has adverse effects on
their cure and process of rehabilitation.* Therefore, active

prevention and treatment of complications are important for
the rehabilitation of SCI. This study showed that the RMI, BI,
and BBS scores of patients receiving comprehensive strength-
ening function interventions were significantly higher than
those of patients in the general care group, indicating that
the neurological and motor function recovery of patients who
received the comprehensive intensive functional intervention
was significant, which is consistent with the results of previ-
ous studies.3233!

The sudden decrease in exercise in patients with SCIs reduces
their physical fitness and tolerance and then increases the burden
on the heart and lungs, leading to heart- and lung-related com-
plications. In addition, the nerves of patients with SCIs are also
damaged, which limits their motor function and physical activ-
ity, thus increasing the incidence of cardiovascular and pulmo-
nary diseases.>>%! In the resting state, the heart rate of patients
with SCIs is significantly accelerated, which indicates that in
the case of reduced body activity, the patient autonomic nerve
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function is damaged, the response of systolic blood pressure to
exercise stimulation is significantly reduced, and the reactivity of
blood vessels to exercise is reduced, resulting in related cardio-
vascular diseases.”*%! Our study showed that the indexes of car-
diopulmonary function FEV1, FEV1/FVC, and MVV of patients
receiving comprehensive functional nursing were significantly
higher than those of patients receiving general nursing, and the
indexes of LVEDD and LVESD were significantly lower than
those of patients receiving general nursing, which indicates that
comprehensive functional nursing has a good recovery effect on
cardiopulmonary function in patients with SCIs, which is con-
sistent with the results of previous studies.!?-3!

SCI can lead to bladder emptying disorders. Although
indwelling catheters can solve the problem of urinary reten-
tion, long-term indwelling catheters have many complica-
tions, and can lead to urinary tract infections, kidney stones,
and epididymitis, and adversely affect rehabilitation train-
ing.’*#1 In injuries above the spinal cord cone, the detru-
sor muscle has no inhibitory contraction, and the internal
pressure of the bladder increases, which can lead to ureteral
reflux and hydronephrosis. Repeated urinary tract infection,
stones, and hydronephrosis gradually cause deterioration
in renal function. Renal failure is the primary cause of late
death in patients with SCls.*!-#] Therefore, scientific blad-
der management and training important for reducing urinary
complications and improving the quality of life of patients
with SCIs. This study showed that the number of micturition,
residual urine volume, and LUTS score in the comprehensive
care group were significantly lower than those in the gen-
eral care group, and maximum urine and bladder volumes in
the comprehensive care group were significantly higher than
those in the general care group, suggesting that comprehen-
sive functional nursing can promote the recovery of bladder
function in patients with SCI.

This study has several limitations. First, the small sample size
is a major limitation. Second, the study was the single-center
study and was conducted in a Chinese population, so the find-
ings might not be generalizable to other populations.

5. Conclusion

In conclusion, comprehensive functional nursing for patients
with SCIs can significantly restore their neurobehavioral, car-
diopulmonary, intestinal, and bladder functions; improve their
emotional state; and improve their quality of life. However, the
follow-up period was limited, and the results need to be verified
by conducting larger multicenter studies.
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